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(54) LASER DRIVE DEVICE, OPTICAL HEAD, AND OPTICAL INFORMATION PROCESSOR 



(57) To provide a laser driving apparatus which is 
inexpensive and has high reliability in spite of using a 
plurality of light sources, since a multi - wavelength light 
source is required for treating different kinds of optical, 
disks such as CD : DVD or the like. In a two - wavelength 
LD apparatus including: a semiconductor laser 1 a; a 
semiconductor laser 1b; and a photo detector 2, optical 
outputs of the semiconductor lasers 1a, 1 b are control- 
led by APC circuits 6a : 6b on the basis of respective 
voltage values of variable resistors 4a, 4b connected in 
series to the photo detector 2. Alternatively, in the two - 
wavelength LD apparatus including: the semiconductor 
laser 1 a; the semiconductor laser 1 b; and the photo de- 
tector 2, the optical outputs of the semiconductor 1 a, 1 b 
are controlled by the APC circuits 6a, 6b on the basis of 
respective intermediate potentials of variable resistors 
4a, 4b connected in parallel with the photo detector 2. 



Fie. l 








APC. 

Circuit 





Q. 
Ill 



BNSDCCID: <EP 1 l7OS40A1_l_> 



Printed by Jouve, 75001 PARIS (FR) 



EP 1 170 840 A1 



Description 
Technical Field 

[0001] The present invention relates to an optical in- 
formation processing apparatus for recording, repro- 
ducing or erasing information on an optical medium or 
magneto-optical medium such as an optical disk or an 
optical card, and mere particularly an optical head ap- 
paratus which emits iascr beams having different wave- 
lengths and a laser driving apparatus used in the optical 
head apparatus 

Background Art 



[0002] An optical memory technology which uses an 
optical disk having a pit-shaped pattern as a memory 
medium having a high density and a large capacity is 
finding extending application in a digital audio-disk, a 
video disk, a document file disk and a data file and the 
like. 

[0003] By the optical memory technology, information 
is recorded and reproduced on an optical disk with high 
accuracy and high reliability by way of a finely con- 
densed light beam. Recording and reproducing opera- 
tions depend only on an optical system used for the op- 
tical memory technology. 

[0004] Basic functions of an optical head apparatus 
which is a principal pan of the optical system are clas- 
sified roughly into converging for forming a diffraction 
limited fine spot, focal point control and tracking control 
for the above described optical system, and pit signal 
detection. These functions are realized by combination 
of various kinds of optical systems and photoelectric 
conversion detecting systems depending on purposes 
and applications. 

[0005] On the other hand, an optical disk having a 
high density and a large capacity which is referred to as 
DVD has recently been put to practical use and spot- 
lighted as an information medium which permits 
processing a large amount of information such as ani- 
mations. The DVD optical disk adopts a smaller pit size 
on an information recording surlace so as to have a re- 
cording density higher than that on a compact disk 
(hereinafter abbreviated as a CD) which is a conven- 
tional optical disk. Accordingly, an optical head appara- 
tus which records and reproduces (information on) the 
DVD optical disk uses a light source and a converging 
lens having a wavelength and a numerical aperture 
(hereinafter abbreviated as NA) for determining a spot 
diameter which are different from those for the CD. For 
reference, a wavelength of a light source is approxi- 
mately 0.78 pm and an NA of a converging lens is 0.45 
for the CD, whereas a wavelength of a light source is 
approximately 0.63 to 0.68 pm and an NA is approxi- 
mately 0.6 for the DVD optical disk. 
[0006] For recording and reproducing (information 
on) two kinds of optical disks of the CD and the DVD 



optical disk by one optical information processing appa- 
ratus, an optical head apparatus having two optical sys- 
tems is required. Since a CD-R which has recently been 
used frequently as a derivative form of the CD permitting 

5 additional writing uses a reflecting film on a disk which 
is optimalized to a wavelength of 0.78 jim and does not 
allow inf ormation reproduction at the wavelength for the 
DVD in particular, an optical information processing ap- 
paratus which records and reproduces information not 

10 only on DVD and CD but also on the CD-R must have 
two light sources having wavelengths of 0.78 u.m and 
0.63 to 0.68 pm. 

[0007] From demands for compact and thin configu- 
ration and a lower cost of the optical head apparatus, 
is on the other hand, an optical system tends to be used 
commonly for the CD and DVD, and there are adopted, 
for example, a system which switches only converging 
lenses between two kinds for the CD and DVD optical 
disk and a system which uses also a converging lens 
20 commonly while mechanically or optically enlarging only 
an NA for the DVD optical disk and reducing the NA for 
the CD. 

[0008] Furthermore, there has recently been devel- 
oped a technology which integrates also a light source 
25 by forming an infrared laser emitting layer and a red la- 
ser emitting layer in a chip of semiconductor laser (for 
example, LD: laser diode) . Furthermore, there has 
been developed a two-wavelength light source which 
has two kinds of semiconductor laser chips mounted in 
30 a single package. 

[0009] The above described two light sources will 
hereinafter be referred to collectively as two-wavelength 
LDs for convenience. Description will now be made of 
a driving method for the two-wavelength LD. 
35 [0010] FIG. 10 is ablock diagram of a conventional LD 
driving circuit, in which reference numeral 1 denotes a 
semiconductor laser, reference numeral 2 denotes a 
photodiode which is a photodetector for monitoring an 
output from the semiconductor laser 1 . Reference nu- 
40 meral 3 denotes a common terminal, reference numeral 
4 denotes a variable resistor, reference numeral 5 de- 
notes an operational amplifier and reference numeral 6 
denotes an automatic power control circuit (hereinafter 
abbreviated as APC circuit). 
45 [0011] Description will now be made of operations of 
the LD driving circuit which is configured as described 
above . In FIG. 1 0, the common terminal 3 is maintained 
at a positive potential with a power source apparatus 
(not shown) . When the APC circuit 6 starts operating, 
so a current is supplied to the semiconductor laser 1 to emit 
rays from the semiconductor laser 1 . When the photo- 
diode 2 receives a portion of the rays emitted from the 
semiconductor laser 1 , a current corresponding to an 
intensity of the emitted rays is supplied from the com- 
55 mon terminal 3 to ground by way of the photodiode 2 
and the variable resistor 4, thereby generating a voltage 
across both ends of the variable resistor 4. The voltage 
of the variable resistor 4 is detected by the operational 
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amplifier 5 and fed back to the APC circuit 6. The APC 
circuit 6 controls the current supplied to the semicon 1 
ductor laser 1 so that the voltage of the' variable resistor 
4 is a predetermined voltage, thereof maintaining an op- 
tical output from the semiconductor) laser 1 constant. A 
resistance value of the variable resistor 4 is adjusted so 
that the optical output from the semiconductor laser 1 
has a desired value. 

[0012] Though the above described conventional ex- 
ample uses an output monitoring photodetector for a 
semiconductor laser a two-wavelength LD which has 
recently been under development uses only an output 
monitoring photodetector tor two light sources in most 
cases as shown in FIG. 11. 

[0013] FIG. 11 is a circuit block diagram of the two- 
wavelength LD. in which reference numeral 1a denotes 
a first semiconductor laser and reference numeral 1b 
denotes a second semiconductor laser. Reference nu- 
meral 2 denotes a pholodiode which is a photodetector 
fo» monitonng outputs Irom the semiconductor lasers. 
Reference numeral 3 denotes a common terminal. Due 
to demands for a low cost and a compact configuration 
of the light source, the circuit uses only one photodetec- 
tor 2 and only one output terminal of the photodetector 
2. Though 1a and 1b are two semiconductor lasers in 
FIG. 1 1 . those lasers may be separate light emitting lay- 
ers of a single laser chip. 

[0014] When the above described LD driving circuit is 
used as a circuit for driving such a two-wavelength LD 
as that shown in FIG. 11 , the circuit has such a config- 
uration as that shown in FIG. 12. 
[0015] FIG. 12 is a block diagram of a circuit for driving 
the two-wavelength LD in which members identical to 
those in FIG. 12 are denoted by identical reference nu- 
merals with no description in particular. In FIG. 12, ref- 
erence numerals 4a and 4b denote variable resistors, 
reference numerals 5a and 5b denote operational am- 
plifiers, reference numerals 6a and 6b denote APC cir- 
cuits, and reference numerals 7a and 7b denote elec- 
tronic switches. 

[001 6] Semiconductor laser driving operations in FIG. 
1 2 will be described briefly. For driving first semiconduc- 
tor laser 1 a ? the electronic switch 7a is set in a connected 
condition, whereas the electronic switch 7b is set in a 
disconnected condition. 

[0017] When the first semiconductor laser 1a is al- 
lowed by the APC circuit 6a to start emitting rays, a cur- 
rent is supplied to a photodetector 2 by way of the var- 
iable resistor 4a by functions of the electronic switches 
7a and 7b. Subsequently, the first semiconductor laser 
1 a can be driven at a desired optical output by adjusting 
a resistance value of the variable resistor 4a as in the 
conventional LD driving circuit. 

[001 8] For driving the second semiconductor laser 1 b, 
the electronic switch 7a is set in a disconnected condi- 
tion, whereas the electronic switch 7b is set in a con- 
nected condition. Since a current is supplied to the pho- 
todetector 2 by way of the variable resistor 4b, the sec- 



ond semiconductor laser can be glowed at a desired op- 
tical output by adjusting a resistance value of the varia- 
ble resistor 4b. For the above describedoperations, the 
APC circuits 6a and 6b as well as the electronic switches 
5 7a and 7b are switched automatically and selectively by 
a control system (not shown) . 

[0019] However, the above described two-wave- 
length LD driving circuit has a configuration which re- 
quires the electronic switches 7a and 7b, thereby posing 

10 a problem to enhance a cost. 

[0020] Furthermore, the above described two-wave- 
length LD driving circuit also has a problem that the cir- 
cuit allows voltage values detected with the operational . 
amplifiers 5a and 5b to be changed due to changes of 

is resistance values which are caused by temperature 
changes in the connected conditions of the electronic 
switches 7a and 7b : thereby changing the outputs from 
the semiconductor lasers 1a and 1b. Accordingly, the 
two-wavelength LD driving circuit poses a problem to 

20 enhance costs and deteriorates temperature character- 
istics of an optical head apparatus and an optical infor- 
mation apparatus which use a two-wavelength LD driv- 
en by the two-wavelength LD driving circuit. 

25 Disclosure of the Invention 

[0021] The present invention has been achieved to 
solve the problems described above and has an object 
to provide a laser driving apparatus which is inexpensive 
30 and free from deterioration of characteristics as well as 
an optical head apparatus and an optical information 
processing apparatus which use the laser driving appa- 
ratus. 

[0022] A 1st invention of the present invention is a la- 
35 ser driving apparatus comprising: 

n laser light sources L1 to Ln (n is a natural number 
equal to or larger than 2); 

a photodetector of detecting rays emitted from said 
40 n laser light sources; 

n variable resistors VR1 to VRn connected to said 
photodetector; 

voltage detecting means of detecting n kinds of volt- 
ages V1 to Vn related to said variable resistors; and 

45 control means of controlling outputs of said laser 
light sources so that detected corresponding volt- 
age values are predetermined values, and 
said variable resistors VR1 to VRn are connected 
in series to one another, 

50 the object of the voltage detection is one variable 
resistor or a serial circuit composed of a plurality of 
variable resistors connected in series, and 
the variable resistors or serial circuits always in- 
clude variable resistors which are different from 

55 each other. 

[0023] A 2nd invention of the present invention is a 
laser driving apparatus comprising: 
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n laser light sources L1 to Ln (n is a natural number 
equal to or larger than 2); 

a photocletector of detecting rays emitted from said 
n laser light sources; 

n variable resistors VR1 to VRn connected to said 
photodetector; 

voltage detecting means of detecting n kinds of volt- 
ages V1 to Vn related to said variable resistors; and 
control means of controlling outputs of said laser 
light sources so that detected corresponding volt- 
age values are predetermined values, and 
said variable resistors VR1 to VRn are connected 
in parallel with one another and 
said voltage detecting means detects voltages V1 
to Vn of middle potentials of said variable resistors 
relative to a reference voltage. 

[0024] A 3rd invention of the present invention is a la- 
ser driving apparatus comprising:. 



n laser light sources L1 to Ln (n is a natural number 
equal to or larger than 2); 

a photodetector of detecting rays emitted from said 
n laser light sources; 

n variable resistors VR1 to VRn connected to said 25 
photodetector; 

voltage detecting means of detecting n kinds of volt- 
ages V1 to Vn related to said variable resistors; and 
control means of controlling an output of said laser 
light source so that a detected corresponding volt- 30 
age value is a predetermined value, and 
said variable resistors VR1 to VRn are connected 
partially in series to one another and connected par- 
tially in parallel with one another, 

with regard to a group of variable resistors connect- 35 
ed in series, 

the object of the voltage detection is one variable 

resistor or a serial circuit composed of a plurality of 

variable resistors connected in series, 

the variable resistors or the serial circuits always in- *o 

elude variable resistors different from each other, 

and 

with regard to a group of variable resistors connect- 
ed in parallel, said voltage detecting means detects 
voltages of middle potentials ot the variable resis- 
tors connected in parallel relative to a reference 
voltage. 

[0025] A 4th invention of the present invention is the 
laser driving apparatus according to said 1st invention, s° 
wherein 

said n is two and said variable resistors are con- 
nected in series., and 

said voltage detecting means detects a voltage 55 
across both ends of each of said variable resistors. 

[0026] A 5th invention of the present invention is the 



laser driving apparatus according to said 1st invention, 
wherein 

said n is two and said variable resistors are con- 

5 nected in series, and 

said voltage detecting means detects a voltage 
across both ends of one of said variable resistors, 
detects a voltage across both ends of a serial circuit 
composed of said both variable resistors and de- 

10 tects voltages across both ends of the variable re- 
sistors respectively utilizing detected voltage of 
these two detected. 

[0027] A 6th invention of the present invention is the 
15 laser driving apparatus according to said 1 st invention, 
wherein 

said n is two and said variable resistors are con- 
nected in series, and 
20 . said voltage detecting means (1 ) detects a voltage 
across both ends of one of said variable resistors 
which is connected to a reference potential, <2) de- 
tects a potential of a terminal of the other variable 
resistor which is not connected to said one variable 
resistor relative to said reference potential, and (3) 
detects a voltage across both ends of said other var- 
iable resistor by subtracting said detected voltage 
across both the ends from said detected potential. 



[0028] A 7th invention of the present invention is the 
laser driving apparatus according to said 1st invention, 
wherein 

said n is two, said variable resistors are connected 
in series and one of the variable resistors is con- 
nected to a predetermined reference potential and 
said voltage detecting means detects a potential of 
a side of said one of the variable resistors which is 
not connected to the reference potential relative to 
the reference potential and a potential of the other 
variable resistor which is not connected to said one 
of the variable resistors relative to said reference 
potential. 

[0029] An 8th invention of the present invention is an 
optical head apparatus, comprising: 

the laser driving apparatus according to any one of 
said 1st to 7th inventions; 

means of condensing rays emitted from said laser 
driving apparatus onto an optical information medi- 
um; and 

a photodetector of detecting reflected rays from 
said optical information medium. 

[0030] A 9th invention of the present invention is an 
optical information processing apparatus, comprising at 
least: 
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a driving mechanism for an optical information me- 
dium; 

the optical head apparatus according to said 7th in- 
vention; 

a focus servo mechanism using a focus error signal 
and a tracking error signal respectively obtained 
from said optical head apparatus; 
a tacking servo mechanism; 
an electric circuit for realizing said servo mecha- 
nism; and 
a power source. 

Brief Description of the Drawings ' 

[0031] 

FIG. 1 is a circuit block diagram of an LD driving 
apparatus according to a first embodiment of the 
present invention; 

FIG. 2 is a circuit block diagram of an LD driving 
apparatus according to a second embodiment of 
the present invention; 

FIG. 3 is a circuit block diagram of an LD driving 
apparatus according to a third embodiment of the 
present invention; 

FIG. 4 is a circuit block diagram of an LD driving 
apparatus according to a fourth embodiment of the 
present invention; 

FIG. 5 is a circuit block diagram of an LD driving 
apparatus according to a fifth embodiment of the 
present invention; 

FIG. 6 is a circuit diagram showing various kinds of 
connection modes for variable resistors according 
to an embodiment of the present invention; 
FIG. 7 is a circuit block diagram of an LD driving 
apparatus according to a sixth embodiment of the 
present invention; 

FIG. 8 is configurational diagram of an optical head 
apparatus according to a seventh embodiment of 
the present invention; 

FIG. 9 is a configurational diagram of an optical in- 
formation processing apparatus according to an 
eighth embodiment of the present invention; 
FIG. 1 0 is a block diagram of a conventional LD driv- 
ing circuit; 

FIG. 11 is a circuit block diagram of a two-wave- 
length LD; and 

FIG. 12 is a block diagram of a driving circuit for a 
two-wavelength LD. 

Description of Symbols 

[0032] 

1 a First semiconductor laser 

1b Second semiconductor laser 

2 Photodiode 

3 Common terminal 
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4a, 45b Variable resistor 
5a, 5b Operational amplifier 
6a, 6b APC circuit 

5 Best Mode for Carrying out the Invention 

[0033] Now, description will be made of preferred em- 
bodiments of the present invention with reference to the 
accompanying drawings. 

w 

(First embodiment) 

[0034] FIG. 1 is a circuit block diagram of an LD driv- 
ing apparatus according to a first embodiment of the 
'5 present invention. In FIG. 1 , members which are identi- 
cal to those shown in FIG. 9 are denoted by identical 
reference numerals with no description in particular. Dif- 
ferent from FIG. 12, FIG. 1 shows variable resistors 4a 
and 4b which are which are connected in series to a pho- 
20 todetector 2, and an operational amplifier 5b which is 
connected to both ends of the variable resistor 4b. The 
operational amplifier is an example of voltage detecting 
means according to the present invention. An operation- 
al amplifier is used as voltage detecting means also in 
25 embodiments which are described later. 

[0035] Description will be made of operations of the 
two-wavelength LD driving apparatus according to the 
first embodiment of the present invention which is con- 
figured as described above. 
30 [0036] When a first semiconductor laser 1 a is glowed 
by an APC circuit 6a which is an example of control 
means according to the present invention, a current is 
supplied to the photodetector 2 by way of the variable 
resistors 4b and 4a. At this time, generated across both 
35 ends of each of the variable resistors 4b and 4a are volt- 
ages which correspond to resistance values of the var- 
iable resistors. The voltage across both the ends of the 
variable resistor 4a is detected by an operational ampli- 
fier 5a and fed back to the APC circuit 6a. 
40 [0037] The APC circuit 6a controls a driving current 
for the first semiconductor laser 1a so that the voltage 
of the variable resistor 4a is a predetermined voltage. 
By adjusting a resistance value of the variable resistor 
4a in advance, it is possible to glow the first semicon- 
45 ductor laser 1a at a desired optical output. 

[0038] For driving a second semiconductor laser 1b, 
a current is supplied to the photodetector 2 by way of 
the variable resistors 4b and 4a in a manner like that 
described above when an APC circuit 6b which is an 
50 example of the control means according to the present 
invention starts supplying a current to the second sem- 
iconductor laser 1b. At this time, generated across both 
ends of each of the variable resistors 4b and 4a are volt- 
ages corresponding to a resistance values of the varia- 
55 b!e resistors. 

[0039] The voltage across both the ends of the varia- 
ble resistor 4b is detected by the operational amplifier 
5b and fed back to the APC circuit 6b. The APC circuit 
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6b controls a driving current for the second semiconduc- 
tor laser 1b so that the voltage of the,. va/i able resistor 
4b is a predetermined voltage. By adjusting a resistance 
value of the variable resistor 4b in advance, it is possible 
to glow the second semiconductor laser 1b at a desired 
optical output. 

[0040] The LD driving apparatus according to this em- 
bodiment is configured to connect variable resistors in 
series in a number corresponding to a number of sem- 
iconductor lasers so that each operational amplifier de- 
tects a voltage across both ends of each variable resis- 
tor as described above, thereby making it possible to 
realize inexpensive and stable operations of members 
except electronic switches. 

[0041] Though the embodiment is configured to use 
the two semiconductor lasers , it is needless to say that 
an optical output of each semiconductor laser can be 
controlled constant even when three or more (the 
number of n) semiconductor lasers are used by connect- 
ing variable resistors in series in a number correspond- 
ing to a number of the semiconductor lasers, detecting 
a voltage value of each variable resistor and feeding 
back ihe voltage value. 

(Second embodiment) 

[0042] FIG. 2 is a circuit block diagram of an LD driv- 
ing apparatus according to a second embodiment. In 
FIG. 2. members which are identical to those shown in 
FIG. 1 are denoted by identical reference numerals with 
no description in particular. Reference numeral 5c de- 
notes an operational amplifier. 

[0043] In a configuration shown in the drawing, items 
which are different from those in FIG. 1 are an input of 
an operational amplifier 5b which is grounded and the 
operational amplifier 5c which takes a difference be- 
tween an output from the operational amplifier 5b and 
that from an operational amplifier 5a, and feeds back 
the difference to an APC circuit 6b. In the second em- 
bodiment, these operational amplifiers compose volt- 
age detecting means according to the present invention. 
[0044] The two-wavelength LD driving apparatus ac- 
cording to the second embodiment which is configured 
as described above remains substantially unchanged 
from the two-wavelength driving apparatus according to 
the first embodiment in operations for driving semicon- 
ductor lasers 1a and 1b, and provides a similar effect, 
but is differently configured to use the operational am- 
plifiers 5b and 5c as means of detecting a voltage across 
both ends of a variable resistor 4b. 
[0045] In this configuration, the input section which is 
grounded out of inputs of the operational amplifiers 5a 
and 5b is common in an actual circuit, and input termi- 
nals other than that which is grounded of the operational 
amplifiers 5a and 5b at a first stage as seen from a side 
of the APC circuit compose two channels in total, where- 
by the second embodiment makes it possible to reduce 
a number of terminals of the operational amplifiers as 



compared with the first embodiment which uses three 
channels and provides an effect to permit simplifying a 
configuration of a circuit as a whole. 

5 (Third embodiment) 

[0046] FIG. 3 is a circuit block diagram of an LD driv- 
ing apparatus according to a third embodiment. In FIG. 
3, members which are identical to those shown in FIG. 

10 2 denoted by identical reference numerals with no de- 
scription in particular. Reference numeral 5c denotes an 
operational amplifier. In a configuration shown in the 
drawing, an operational amplifier 5b is omitted as an 
item which is different from the configuration shown in 

15 FIG. 2. 

[0047] In the two-wavelength LD driving apparatus 
according to the third embodiment which is configured 
as described above, operations for driving semiconduc- 
tor lasers 1a and 1b remain substantially unchanged 
from those in the first embodiment and a similar effect 
is obtained, but the third embodiment is configured dif- 
ferently in that the operational amplifiers 5a and 5c are 
used as means of detecting a voltage across both ends 
of a variable resistor 4b. 

25 [0048] Since one of inputs of the operational amplifier 
5c is an output of the operational amplifier 5a in this con- 
figuration, the third embodiment permits integrating the 
operational amplifiers 5a and 5c with each other in ac- 
tual manufacturing, thereby composing a circuit of op- 

30 erational amplifiers in a number smaller than that of the 
operational amplifiers used in the second embodiment 
and provides an effect to further simplify a configuration 
of a circuit as a whole by reducing external terminals. 

35 (Fourth embodiment) 

[0049] FIG. 4 is a circuit block diagram of an LD driv- 
ing apparatus according to a fourth embodiment. In FIG. 
4, members which are identical to those in FIG. 2 are 

40 denoted by identical reference numerals with no de- 
scription in particular. Points of a configuration shown in 
the drawing which are different from that shown in FIG. 
2 are that an operational amplifier 5c is omitted and that 
an output from an operational amplifier 5b is input di- 

45 rectly into an APC circuit 6b. 

[0050] In the two- wavelength LD driving apparatus 
according to this embodiment which is configured as de- 
scribed above, operations for driving semiconductor la- 
sers 1a and 1b remain substantially unchanged from 

50 those in the first embodiment and a similar effect is ob- 
tained, but the fourth embodiment is differently config- 
ured to use as a voltage to be fed back to the APC circuit 
6b a potential difference between a reference potential 
(a ground potential in the fourth embodiment) and a po- 

55 tential of a variable resistor 4b on a side of a photode- 
tector. 

[0051 ] Accordingly, the fourth embodiment is different 
also in steps of adjusting an optical output from a laser. 
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Specifically, a resistance value of a variable resistor 4a 
is adjusted by glowing a first semiconductor laser 1 a cor- 
responding to a variable resistor 4a set at a potential 
close to the reference potential and then a resistance 
value of the variable resistor 4b is adjusted by glowing 
a second semiconductor laser 1b corresponding to the 
variable resistor 4b. 

[0052] This is because a potential difference between 
the reference potential and the potential on a side of the 
variable resistor 4b is changed when the variable resis- 
tor 4b is adjusted first and then the variable resistor 4a 
is adjusted. 

[0053] . In addition, a predetermined voltage to be uti- 
lized for control in the APC circuit 6b needlessly has a 
value which is determined taking total resistance of the 
variable resistors 4a and 4b into consideration. 
[0054] This configuration provides effects to permit 
composing a circuit with a small number of operational 
amplifiers like the third embodiment, simplify a circuit 
composition by reducing external terminals, and allow 
a power consumption to be lower than that of the third 
embodiment by preventing operational amplifiers other 
than that for a glowing semiconductor laser from being 
operated since the operational amplifiers 5a and 5b op- 
erate independently of each other. 

[0055] Though the above described first to third em- 
bodiments are examples in each of which two variable 
resistors are connected in series, it is needless to say 
that three or more variable resistors may be connected 
in series. FIG. 6(a) shows an example in which three 
variable resistors are connected in series. In this case, 
voltage which are detected to be utilized for control may 
be voltages across end of variable resistors 40a, 40b 
and 40c respectively or other voltages which are de- 
scribed below. That is, when the variable resistors 40a, 
40b and 40c are denoted consecutively as first, second 
and third variable resistors, a first voltage out of three 
kinds of voltages is taken as a voltage across both ends 
of the variable resistor 40a, a second voltage is taken 
as a voltage across both ends of a serial circuit com- 
posed of the variable resistors 40a and 40b, and a third 
voltage is taken as a voltage across both ends of the 
variable resistor 40c. 

[0056] Alternately, it is possible to take the first voltage 
out of the three kinds of voltage as the voltage across 
both the ends of the variable resistor 40a, take the sec- 
ond voltage as the voltage across both the ends of the 
serial circuit of the variable resistors 40a and 40b, and 
take the third voltage as a voltage across both ends of 
a serial circuit composed of the variable resistors 40a, 
40b and 40c. 

[0057] Alternately, it is possible to take the first voltage 
out of the three kinds of voltages as the voltage across 
both the ends of the variable resistor 40a, take the sec- 
ond voltage as the voltage across both the ends of the 
serial circuit of the variable resistors 40a and 40b, and 
take the third voltage as a voltage as a voltage across 
both ends of a serial circuit composedof the variable re- 



sistors 40b and 40c. 

[0058] Thus, for detecting a voltage which is to be uti- 
lized to control a laser light source, the object of the de- 
tection is not limited to one variable resistor but maybe 
5 a serial circuit composed of a plurality of variable resis- 
tors. 

[0059] When a serial circuit including a variable resis- 
tor which has already been adjusted is to be used as an 
object as described above, however, the serial circuit 

10 must include a variable resistor which has not been ad- 
justed yet since the variable resistor which has already 
been adjusted cannot be changed. The variable resistor 
which has not been adjusted yet must be adjusted for 
adjusting an optical output of a laser. 

is [0060] That is : when a plural kinds of voltages are 
necessary, a serial circuit which is to be an object of de- 
tection of k'th (k = 1 to n) voltage Vk and composed of 
a plurality of variable resistors must include at least k'th 
resistor which has not been adjusted yet in addition to 

20 first to k-1'th resistors which have already been adjust- 
ed! Ordinal numbers of the .k'th and n'th resistors are 
' counted successively from an end of a group of variable 
resistors which are connected in series. 
[0061] In short, the variable resistors or the serial cir- 

25 cuits must always include variable resistors which are 
different from each other. 

(Fifth embodiment) 

30 [0062] FIG. 5 is a circuit block diagram of an LD driv- 
ing apparatus according to a fifth embodiment. In FIG. 
5, members which are identical to those shown in FIG. 
4 are denoted by identical reference numerals with no 
description in particular. In FIG. 5, reference numerals 

35 100a and 100b denote sliders of variable resistors 4a 
and 4b respectively, and potential differences between 
potentials of the sliders 1 00a, 1 00b (hereinafter referred 
to as middle potentials of the variable resistors 4a, 4b) 
and a ground potential can be changed by sliding the 

40 sliders 100a, 100b along resistor lines. 

[0063] A configuration shown in the drawing is differ- 
ent from a configuration shown in FIG. 4 in a point that 
the variable resistors 4a and 4b are connected to a pho- 
todetector 2 so that the variable resistors are in parallel 

45 with each other, and a point that the middle potentials 
of the variable resistors 4a and 4b are input into opera- 
tional amplifiers 5a and 5b. 

[0064] Description will be made of operations of the 
LD driving apparatus according to the fifth embodiment 
50 of the present invention which is configured as de- 
scribed above. 

[0065] When a first semiconductor laser 1 a is glowed 
by an APC circuit 6a, a current is supplied to the photo- 
detector 2 by way of the variable resistors 4a and 4b. At 
55 this time, a voltage is generated across both ends of the 
variable resistors 4a and 4b in accordance with a total 
resistance value of the variable resistors. The middle 
potential of the variable resistor 4a is detected by the 
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operational amplifier 5a and fed back to an APC circuit 
6a. ':| 
[0066] The APC circuit 6a controls a .driving current 
for the first semiconductor laser 1a so .that the middle 
potential of the variable resistor 4a is a predetermined 
potential. The first semiconductor laser 1a can be 
glowed at a desired optical output by adjusting the slider 
1 00a of the variable resistor 4a. 

[0067] When a second semiconductor laser 1b is to 
be driven next, an APC circuit 6b starts supplying a cur- 
rent to the second semiconductor laser 1b, whereby a 
current is supplied to the photodetector 2 by way of the 
variable resistors 4a, 4b in a manner similar to that de- 
scribed above. 

[0068] The middle potential of the variable resistor 4b 
is detected by the operational amplifier 5b and fed back 
to the APC circuit 6b. The APC circuit 6b controls a driv- 
ing current for the second semiconductor laser 1b so 
that the middle potential of the variable resistor 4b is a 
predetermined potential. The second semiconductor la- 
ser 1b can be glowed at a desired optical output by ad- 
justing the slider 100b of the variable resistor 4b. 
[0069] The LD driving apparatus according to the fifth 
embodiment is configured to connect variable resistors 
in parallel with one another in a number corresponding 
to a number of semiconductor lasers so that individual 
operational amplifiers detect middle potentials of the 
variable resistors respectively as described above, 
thereby making it possible to obtain an effect similar to 
that of the fourth embodiment. 

[0070] Though the input to the operational amplifier 
5b is higher than that to the operational amplifier 5a and 
the voltages fed back to the APC circuits 6a and 6b are 
in an unequal relation in the fourth embodiment, the fifth 
embodiment does not require taking such an unequal 
relation into consideration and provides an effect to per- 
mit using the APC circuits 6a and 6b which are of an 
identical kind. 

[0071] Furthermore, it is needless to say that three or 
more variable resistors may be connected in parallel 
with one another. 

[0072] In addition, variable resistors of the LD driving 
apparatus according to the present invention may con- 
sist of a serial circuit portion (40a, 40b and 40c) and a 
parallel circuit portion (40d, 40e and 40f) which is con- 
nected in parallel, for example, with the variable resistor 
40b as shown in FIG. 6(b). Though the parallel circuit 
portion includes 40b strictly speaking, 40b is included 
herein in the serial circuit portion. 

[0073] In such a case, description made with refer- 
ence to the first to fourth embodiment applies to the 
above described serial circuit portion and description 
made with reference to the fifth embodiment applies to 
the above described parallel circuit portion. 

(Sixth embodiment) 

[0074] FIG. 7 shows an LD driving apparatus accord- 



ing to a sixth embodiment. In FIG. 7, members which 
are identical to those shown in FIG. 5 are denoted by 
identical reference numerals with no description in par- 
ticular. 

5 [0075] A configuration shown in the drawing is differ- 
ent from that shown in FIG. 5 in a point that semicon- 
ductor lasers 1 a and 1 b are accommodated in a cabinet 
101 , and in another point that a photodetector 2 is dis- 
posed outside the above described cabinet 101 as a 

10 separate part. 

[0076] This is a configuration in case of an apparatus 
such as a CD-R, CD-RW recording apparatus or a 
DVD-RAM, DVD-R, DVD-RW recording apparatus 
which uses the photodetector 2 as a front optical monitor 

is when it is necessary to strictly manage light amounts on 
disk surfaces. 

[0077] Though the LD driving apparatus according to 
the sixth embodiment which is configured as described 
above remains substantially unchanged in operations to 

20 drive the semiconductor lasers 1a and 1b from the LD 
driving apparatus according to the fifth embodiment, the 
LD driving apparatus according to the sixth embodiment 
provides not only an effect to maintain an optical output 
constant by controlling the current for driving the semi- 

25 conductor lasers 1 a and 1 b according to a light amount 
detected with the photodetector 2 but also an effect to 
control the optical output by dynamically controlling the 
APC circuits. 

[0078] This configuration makes it possible to control 
30 light amounts on disk surfaces of lasers respectively 
with a photodetector, thereby providing an effect to per- 
mit reducing a number of parts. 

[0079] Though variable resistors 4a and 4b are con- 
nected in parallel with each other in the sixth embodi- 
es ment : this method is not limitative and any one of con- 
nection modes described with reference to the above 
described first to fourth embodiments may needlessly 
be adopted. 

40 (Seventh embodiment) 

[0080] FIGS. 8(a) and 8(b) are diagrams showing a 
configuration of an optical head apparatus according to 
a seventh embodiment. In these drawings, reference 

-<5 numeral 8 denotes a two-wavelength light receiving- 
emitting unit which has a two-wavelength LD, an photo- 
detector for detecting reflected light from an optical in- 
formation medium and a hologram. Reference numeral 
9 denotes the hologram which has a function to lead 

50 rays to the above described photodetector by refracting 
the rays. Reference numeral 10 denotes a condenser 
lens, reference numeral 11 denotes a bending mirror 
and reference numeral 1 2 denotes a wavelength selec- 
tive aperture which transmits ail rays having a wave- 

55 length of 0.65 jim and rays having a wavelength of 0.78 
um only within a range of 0.45 in terms of an NA of an 
objective lens 13. Reference numeral 13 denotes the 
objective lens, reference numeral 14 denotes a CD op- 
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tical disk and reference numeral 15 denotes a DVD op- 
tical disk. m 
[0081] Furthermore, FIG. 8(a) shows a reproducing 
condition of a CD where a laser ibeam which is emitted 
from the two -wave length light receiving-emitting unit 8 
and has a wavelength of 0.78 urn is transformed by the 
condenser lens 10 into a parallel beam, led along an 
optica! path bent by the bending mirror 11 and incident 
on the wavelength selective aperture 12. 
[0082] The laser beam which is stopped down by the 
wavelength selective aperture 12 is condensed by the 
objective lens 1 3 onto the CD optical disk 14. The laser 
beam which is reflected by the CD optical disk 14 is re- 
turned reversely from the objective lens 13 by way of 
the bending mirror 1 1 to the condenser lens 10, diffract- 
ed by the hologram 9, and photoelectrical^ converted 
and detected as an electric signal by the photodetector 
of the two-wavelength light receiving-emitting unit 8. 
[0083] Then, FIG. 8(b) shows a reproducing condition 
of a DVD where a laser beam which is emitted from the 
two-wavelength light receiving-emitting unit 8 and has 
a wavelength of 0.65 um is transformed by the condens- 
er lens 1 0 into a parallel beam : led along the optical path 
bent by the bending mirror 11 and incident on the wave- 
length selective aperture 12. 

[0084] The laser beam which has transmitted through 
the wavelength selective aperture 12 is condensed by 
the objective lens 13 onto the DVD optical disk 14. The 
laser beam which is reflected by the DVD optical disk 
14 is returned reversely from the objective lens 13 by 
way of the bending mirror 11 to the condenser lens 10 ; 
diffracted by the hologram 9, and photoelectrical^ con- 
verted and detected as an electric signal by the photo- 
detector of the two-wavelength light receiving-emitting 
unit 8. 

[0085] In either case of the CD optical disk and the 
DVD optical disk, the electric signal which is photoelec- 
trically converted and detected by the photodetector is 
used as an rf signal in a pit row or a servo signal for 
tracing a pit row on the optical disk. 
[0086] Furthermore, a known three-beam method is 
usable for tracking servo at the CD reproducing time 
though not shown. 

[0087] The optical head apparatus according to the 
seventh embodiment is capable of obtaining a favorable 
temperature characteristic at a low cost when the optical 
head apparatus uses the laser driving apparatus ac- 
cording to the embodiment of the present invention. 

(Eighth embodiment) 

[0088] An optical information processing apparatus 
according to an eighth embodiment of the present in- 
vention will be described using FIG. 9. In FIG. 9, refer- 
ence numeral 1 6 denotes the optical head apparatus 
described with reference to the sixth embodiment, ref- 
erence numeral 17 denotes an optical disk and refer- 
ence numeral 18 denotes a motor which supports and 



rotates the optical disk 17. Reference numeral 19 de- 
notes a circuit board and reference numeral 20 denotes 
a power source. 

[0089] The optical information processing apparatus 

5 according to the eighth embodiment which has a con- 
figuration described above operates as described be- 
low. The optical disk 1 7 is rotated by the motor 1 8. The 
optical head apparatus 16 sends to the circuit board 19 
a signal which corresponds to a positional relation to the 

10 optical disk 1 7. The circuit board 1 9 calculates this sig- 
nal and outputs a signal for slightly moving the optical 
head apparatus 16 or an objective lens in the optical 
head apparatus 16. The optical head apparatus 16 or 
the objective lens in the optical head apparatus 16 per- 

'5 forms focus servo and tracking servo for the optical disk 
17 with a driving mechanism (not shown), thereby read- 
ing, writing or erasing information from or to the optical 
disk 17. Reference numeral 20 denotes the power 
source or a connector for an external power source from 

20 which electricity is supplied to the circuit board 1 9, the 
driving mechanism for the optical head apparatus, the 
motor 18 and the driving mechanism for the objective 
lens. 

[0090] In addition, no problem is posed by disposing 
25 connecting terminals for the power source or the exter- 
nal power source in each driving circuit. 
[0091] The laser driving apparatus according to the 
present invention corresponds to the LD driving appa- 
ratus in each embodiment, the potential detecting 
■30 means according to the present invention corresponds 
to the operational amplifier in each embodiment and the 
output control means according to the present invention 
corresponds to the APC circuit in each embodiment. 
[0092] Though the semiconductor lasers are exempli- 
35 fied in an anode common mode in the embodiments of 
the present invention, the semiconductor lasers may 
needlessly be used in a cathode common mode when 
only a power source is replaced with a ground potential. 

40 industrial Applicability 

[0093] The present invention makes it possible to per- 
form automatic power control drive of a plurality of sem- 
iconductor lasers with a photodetector and a plurality of 

45 variable resistors corresponding to the semiconductor 
lasers as described above, thereby enabling to obtain a 
laser driving apparatus which is advantageous from 
viewpoints of a cost and a temperature characteristic. 
[0094] Furthermore, the present invention makes it 

50 possible to obtain an optical head apparatus which is 
inexpensive and has a favorable temperature charac- 
teristic. 

[0095] Furthermore, the present invention makes it 
possible to obtain an optical information processing ap- 
55 paratus which can cope with various optical disk media, 
and is inexpensive and favorable in a temperature char- 
acteristic. 



9 



BNSDOCID: <EP 1170840A1_I_> 



17 



EP 1 170 840 A1 



18 



Claims 

1 . A laser driving apparatus comprising: 

n laser light sources L1 to Ln (n is a natural 

number equal to or larger than 2); 

a photodetector of detecting rays emitted from 

said n laser light sources; 

n variable resistors VR1 to VRn connected to 

said photodetector; 

voltage detecting means of detecting n kinds of 
voltages V1 to Vn related to said variable resis- 
tors; and 

control means of controlling outputs of said la- 
ser light sources so that detected correspond- 
ing voltage values are predetermined values, 
and 

said variable resistors VR1 to VRn are connect- 
ed in series to one another, 
the object of the voltage detection is one vari- 
able resistor or a serial circuit composed of a 
plurality of variable resistors connected in se- 
ries, and 

the variable resistors or serial circuits always 
include variable resistors which are different 
from each other. 

2. A laser driving apparatus comprising: 

n laser light sources L1 to Ln (n is a natural 

number equal to or larger than 2); 

a photodetector of detecting rays emitted from 

said n laser light sources; 

n variable resistors VR1 to VRn connected to 

said photodetector; 

voltage detecting means of detecting n kinds of 
voltages V1 to Vn related to said variable resis- 
tors; and 

control means of controlling outputs of said la- 
ser light sources so that detected correspond- 
ing voltage values are predetermined values, 
and 

said variable resistors VR1 to VRn are connect- 
ed in parallel with one another and 
said voltage detecting means detects voltages 
V1 to Vn of middle potentials of said variable 
resistors relative to a reference voltage. 

3. A laser driving apparatus comprising: 

n laser light sources L1 to Ln (n is a natural 

number equal to or larger than 2) ; 

a photodetector of detecting rays emitted from 

said n laser light sources; 

n variable resistors VR1 to VRn connected to 

said photodetector; 

voltage detecting means of detecting n kinds of 
voltages V1 to Vn related to said variable resis- 
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tors; and 

control means of controlling an output of said 
laser light source so that a detected corre- 
sponding voltage value is a predetermined val- 
ue, and 

said variable resistors VR1 to VRn are connect- 
ed partially in series to one another and con- 
nected partially in parallel with one another, 
with regard to a group of variable resistors con- 
nected in series, 

the object of the voltage detection is one vari- 
able resistor or a serial circuit composed of a 
plurality of variable resistors connected in se- 
ries, 

the variable resistors or the serial circuits al- 
ways include variable resistors different from 
each other, and 

with regard to a group of variable resistors con- 
nected in parallel, said voltage detecting means 
detects voltages of middle potentials of the var- 
iable resistors connected in parallel relative to 
a reference voltage. 

The laser driving apparatus according to claim 1 , 
wherein 

said n is two and said variable resistors are con- 
nected in series : and 

said voltage detecting means detects a voltage 
across both ends of each of said variable resis- 
tors. 

The laser driving apparatus according to claim 1 , 
wherein 

said n is two and sa id variable resistors are con- 
nected in series, and 

said voltage detecting means detects a voltage 
across both ends of one of said variable resis- 
tors, detects a voltage across both ends of a 
serial circuit composed of said both variable re- 
sistors and detects voltages across both ends 
of the variable resistors respectively utilizing 
detected voltage of these two detected. 

The laser driving apparatus according to claim 1 , 
wherein 

said n is two and said variable resistors are con- 
nected in series, and 

said voltage detecting means (1 ) detects a volt- 
age across both ends of one of said variable 
resistors which is connected to a reference po- 
tential, (2) detects a potential of a terminal of 
the other variable resistor which is not connect- 
ed to said one variable resistor relative to said 
reference potential, and (3) detects a voltage 
across both ends of said other variable resistor 
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by subtracting said delected voltage across 
both the ends from said detected potential. 

7. The laser driving apparatus according to claim 1 , 

wherein 5 

said n is two. said variable resistors are con- 
nected in sencs and one of the variable resis- 
tors is connected to a predetermined reference 
potential and ™ 
said voltage detecting means detects a poten- 
tial of a S'dc of said one of the variable resistors 
which is not connected to' the reference poten- 
tial relative to the reference potential and a po- 
tential of the other variable resistor which is not 15 
connected id said one of the variable resistors 
relative to said reference potential. 



8. An optical head apparatus', comprising: 



20 



the laser driving apparatus according to any 
one of claims 1 to 7; 

means of condensing rays emitted from said la- 
ser driving apparatus onto an optical informa- 
tion medium: and 25 
a photodetector of detecting reflected rays from 
said optical information medium. 

An optical information processing apparatus, com- 
prising at least: 30 

a driving mechanism for an optica! information 
medium; 

the optical head apparatus according to claim 
7; 35 
a focus servo mechanism using a focus error 
signal and a tracking error signal respectively' 
obtained from said optical head apparatus; 
a tacking servo mechanism; 

an electric circuit for realizing said servo mech- 40 

anism; and 

a power source. 
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